Introduction
This report describes the continuous water-sampling and wateranalysis system which has been installed on the 30-foot-long U, S.
Geological Survey research vessel Estero, This system was designed primarily for mapping water-quality parameters in the shallow regions of San Francisco Bay estuary. Many features are similar or identical to the system described by Schemel and Dedini (1979) , but this newer system incorporates many electronic and design improvements and is more compact, allowing it to be installed on small vessels. In addition, we have been able to reduce cost, particularly by purchasing OEM (original equipment manufacturer) components when possible.
We have limited the scope of this report primarily to a description of the digital-display panels and the analog strip-chart recorders because these are the assemblies which contain most of the important changes.
However, we do note some other changes in equipment and instrumentation.
Analytical methods, calibration procedures, and other detailed information can be found in our previous reports Dedini 1979, 1980) and in the appropriate operation manuals (Table 1) Details of the microprocessor-based data logger and magnetic-tape recording system and the digital fathometer are described in a following report by K. Leap (U.S.G.S., Menlo Park, CA).
WATER PUMPS
Near-surface water from a depth of about 0.5m is continuously pumped with a flexible-impeller centrifugal pump (Fig. 1) . A section of aluminum pipe (l^j-in.ID) penetrates the hull and extends to above the water line; water is drawn from a section of PVC pipe(l-in.ID) inserted through the aluminum pipe. The PVC pipe can be adjusted so that air or bubbles are not taken in and, as a safety factor, the pipe will break without damaging the hull if the vessel hits an object. The intake of the pipe is cut at an angle of about 30 degrees (Fig, 1 ) to minimize cavitation and degassing of the water. The pump is coupled to the PVC pipe with reinforced flexible PVC tubing and is located about 0.5m above the water line. The pump discharges about 50L rnin,'" ; water which is not used for the instruments is discharged overboard in order to minimize the flushing time of the system (approx. 5-10 sec,).
Circuits have been provided in the digital-display panels so that an in situ pumping system with temperature and depth sensors can be used. We refer the reader to Schemel and Dedini (1979) for details concerning the construction and operation of this system.
Digital-Display Panels and Instruments
The pumped water flows through instruments with flow-sample cells or sensors are directly immersed in the water stream (Fig. 2) . The following discussion will exclude the five-channel nutrient analyzer (except when specific references are made) because it is practically independent of the digital-display panels and has separate strips-chart recorders. Continuous-measurement signals ( Modular regulated supplies power all panel circuitry (+15VDC) and the digital panel meters (+5VDC). Precise regulated DC voltages are generated on the circuitboard located by the modular supplies (for example, (Fig.4) ). These voltages are required for sensors and calibrations. For example, each panel has "Cal" switches which select full-scale voltages for calibrating the digital meters and strip-chart recorders and for checking the operation of the data logger and magnetic tape recorder.
Both panels provide zero-offset circuits which enable a limited range of a parameter to be recorded across the full width of the strip- Note that A pH values will be negative because most samples will be more alkaline than the OmV pH value.
Values are reported to the nearest 0.01 pH unit. We expect that measurements made by this procedure are accurate at the _ 0.05 pH level and not suitable for some applications.
I/ Eq. 1 is our fit to the values tabulated in Bates, R.G., 1973, Determination of pH, John Wiley & Sons, New York, 479 p.
2/ Eq. 2 is our fit to the data supplied by the manufacturer for Buffer # 3008 .
3/ This calculation can be easily done on a calculator; a program for the HP 25C (Hewlett-Packard, Palo Alto, CA,) is shown in Table 9 , Signal-input connections are made at the rear of the control section (Fig. 24) . Each channel has a differential-input circuit (Fig. 25 ) which is mounted on the prototype circuitboard. The single-ended output of each differential-input circuit is applied to a preamplifier circuit (Table 4) , which increases the sensitivity of the recorders from lOmV/mm to ImV/mm. I/ The mention of brand names is for identification purposes and does not constitute endorsement by the U.S. Geological Survey. 
